Introduction: Decompressive craniectomy (DC) has been recently proven effective tier II therapeutic procedure in the treatment of refractory posttraumatic intracranial hypertension. However, its full potential and effectivity is yet to be described and this surgery remains controversial. The goals of our study include analysis of efficiency of DC and description of risk factors associated with unfavourable outcome.
INTRODUCTION
Decompressive craniectomy (DC) is a neurosurgical procedure designed to decrease and control excessively elevated intracranial pressure (ICP) (1) . It is used in the treatment of intracranial hypertension following traumatic brain injury, malignant middle cerebral artery infarction, subarachnoid haemorrhage, inflammatory brain diseases, and, occasionally, for various other causes of elevated ICP (14) . During this surgery cranial bone flap is removed ( Fig. 1) and durotomy is performed so that formerly closed intracranial space with limited volume is opened and the brain is allowed to expand through the bony opening, thus lowering the ICP (1) . Later, after the brain oedema is regressed and patient's condition is stabilized (usually following months), the bone flap is replaced (14) .
It has been proven that DC reduces the elevated ICP (3) and improves cerebral blood flow (22) and tissue oxygenation (20) . Despite these findings the role of DC in the treatment of traumatic brain injury is still considered controversial because of lack of complete Level I evidence and various results published in smaller, mostly retrospective, studies. Indicating criteria for DC are also not clearly defined. The surgery is currently indicated either as primary (early, prophylactic, or following evacuation of traumatic mass lesion) or secondary (in refractory intracranial hypertension) (14) .
Prospective multicentric randomised study RESCUEicp reported mortality of 29.9 % and favourable outcome of 42.8 % following 6 months after secondary DC for refractory posttraumatic intracranial hypertension (8) . Primary DC following evacuation of acute subdural hematoma is being a subject of research in randomised multicentric prospective study RESCUE-ASDH (12) . The Brain Trauma Foundation does not recommend the use of bifrontal DC in the treatment of posttraumatic diffuse brain injury and refractory ICP > 20 mmHg for more than 15 minutes and recommends a large (at least 12 x 15 cm) decompressive hemicraniectomy over a smaller one (2) . Until a complete Level I evidence for efficacy of DC is obtained and proper indicating criteria are established there is going to be a substa ntial need for further research in this field.
METHODS
We prospectively observed 24 patients who underwent DC for traumatic brain injury at the Clinic of Neurosurgery JFM CU during years 2015-2016. In all cases the surgery consisted of unilateral fronto-temporo-parietal craniectomy with augmentative duraplasty. Patients with infratentorial traumatic lesion, patients younger than 18 years, and patients who later suffered additional injury on the site of DC were excluded from this study. Possible demographic, clinical, and radiographic predictive factors were assessed.
Demographic factors included patients' age and sex, clinical factors consisted of preoperative GCS, absence of pupillary reflex (without regards to its side), and consumption of alcohol before the injury. Radiographic analysis was based on CT findings and assessed the type of intracranial lesion, its volume, presence of intraventricular and/or subarachnoid bleeding (SAH), skull fracture, presence of midline shift (shift ≤ 5mm; 6-14 mm and ≥ 15 mm was differentiated), and compression of perimesencephalic cisterns (we distinguished intact, partially compressed, or completely obliterated cisterns).
These findings were later compared with patients' outcome quantified by means of Glasgow Outcome Scale (GOS), which is an international standardized measure with values ranging from 1 to 5 (21) . Average (avg.) time of follow-up was 3.5 months, what represented the time of patients' first ambulatory control. Statistical analysis was performed using nonparametric tests: Mann-Whitney and Spearman correlation test.
RESULTS
The observed group of 24 patients consisted of 17 men (70.83 %) and 7 women (29.17 %). The avg. age was 58.8 years. In time of first ambulatory control (3.5 months after surgery on avg.) the patients' outcome was following (Graph 1):
34 Graph 1 Outcome of our patients (n = 24) after DC Favourable outcome (GOS 5-4 representing no or mild disability) was achieved by 7 (29.17 %) patients with 3 achieving GOS 5 and 4 achieving GOS 4. Severe disability (GOS 3) persisted in 10 (41.67 %) patients and permanent vegetative state (GOS 2) was not observed in our cohort. Mortality represented by GOS 1 was 29.17 % (7 patients).
Analysis of risk factors resulted in these findings: We did not observe significant correlation between patients' age and the outcome (R = -0.109; p = 0.61 in Spearman test); however, patients who were 70 and more years old had the highest mortality of 60.0 % and avg. Patients' sex did not result in significant difference in outcome as men achieved avg. GOS 2.88±1.45 and women achieved avg. GOS 2.71 ± 1.25 (p = 0.436 in Mann-Whitney test). Patients with preoperative GCS ≤ 5 achieved a significantly worse outcome than the rest (avg. GOS 1.83 ± 1.33 vs. 3.17 ± 1.56 respectively, p = 0.049 in Mann-Whitney test), however we did not confirm significant negative correlation between patients' GCS and outcome (R = 0.29, p = 0.16 in Spearman test). Prior to injury alcohol was consumed by 11 (45.8 %) patients and we did not observe significant difference in their outcome when compared with the remaining patients (avg. GOS 2.82 ± 1.33 vs. 2.85 ± 1.46 respectively, p=0.49 in Mann--Whitney test). 8 patients presented with absence of pupillary reflex, what resulted in avg. GOS 2.5 ± 1.3, but this result was not statistically significant (p= 0.316 in Mann-Whitney test) when compared with the others (avg. GOS 3.0 ± 1.41).
Radiographic analysis resulted in 14 patients with combination of intra-and extracerebral traumatic mass lesion having the worst outcome (avg. GOS 2.36 ± 1.3), 2 patients with isolated intracerebral mass lesion having avg. GOS 3.5 ± 0.7, and patients with extracerebral bleeding (acute subdural hematoma -ASDH in all 8 cases) scoring avg. GOS 3.5 ± 1.3. Statistical analysis could not be done in this observation due to insufficient number of patients in group with intracerebral lesion. (Fig. 2) A Midline shift ≥ 15 mm in 7 patients resulted in a significantly worse outcome when compared with the other 17 patients, avg. GOS 1.7 ± 1.2 and mortality of 71.43 % vs. 2.83 ± 1.37; p = 0.0067 in Mann-Whitney test. 2 patients with complete obliteration of perimesencephalic cisterns had GOS 1, partial compression in 14 patients resulted in avg. GOS 3.07 ± 1.33, and 8 patients with intact cisterns had avg. GOS 2.88 ± 1.36; however, these findings were not confirmed to be statistically significant. Thirteen patients with skull fracture had avg. GOS 2.54 ± 1.39 compared to avg. GOS 3.0±1.25 in remaining patients and this difference was not statistically significant (p = 0.575 in Mann-Whitney test). Presence of SAH resulted in avg. GOS 2.57 ± 3.2 in 14 patients vs. avg. GOS 1.34 ± 1.4 in re maining 10 patients, but this was not statistically significant (p = 0.749 in Mann-Whitney test). Presence of intraventricular bleeding was confirmed to be a significant negative prognostic factor as 5 patients with hematocephalus had avg. GOS 1.4 ± 0.89 vs. avg. 
DISCUSSION
The results we report (mortality 29.17 % and the same number of patients with favourable outcome) are similar to those published in numerous other studies regarding the efficiency of DC. However various authors use various definitions for favourable outcome, which was defined as GOS 4-5 in our study. Guerra et al. observed mortality in 19 % and good outcome in 58 % of their patients and this was one of first reports regarding success of DC after traumatic brain injury [5] , Juráň et al. reported favourable outcome in 26 % of patients (11) . Very similar observations were made in study RESCUEicp with mortality of 26.9 % and good outcome of 27.4 %, but we must consider that these results were obtained only from patients after secondary DC (8).
Age was described as a negative prognostic factor (6,16), but possibly due to a small number of patients we were unable to confirm this in our report. Still, patients who were 70 and more years old had the worst outcome. Patients' sex did not result in a significantly different outcome and this is in accordance with the results of a meta-analysis of Husson et al. from 2010 (7). Preoperative GCS is a well-known negative prognostic factor (7) and in our study GCS ≤ 5 resulted in a significantly worse outcome. Consumption of alcohol prior to injury probably does probably not play a role in patients' outcome (18) , recent meta-analysis presented by Raj et al. surprisingly showed a better outcome in these patients, but explanation of such result is uncertain (17) . In our report alcohol did not influence the outcome of our patients but we did not consider its blood level. Absence of pupillary reflex has been repeatedly reported as a negative prognostic factor (9, 19) . Possibly because of a limi ted number of patients with non-reactive pupils and the fact that uni-or bilaterality of this was not taken into account we did not observed similar result in our group of patients.
ASDH has been described as a negative prognostic marker (7). We were not able to obtain similar result possibly due to a small number of patients but ASDH was present in 21 of our patients and in 14 patients it occurred in combination with intracerebral traumatic mass lesion, what resulted in the worst outcome. Volumetric analysis of traumatic intracranial mass lesions of our patients showed that the total volume of intracranial traumatic bleeding, especially its extracerebral component, negatively correlates with patients' outcome. The volume of traumatic mass lesion is considered to be negative prognostic factor in patients with brain injury [9] . Midline shift is definitely a considerable negative prognostic mark (7, 19) and it is even one of the indicating criteria for evacuating of traumatic mass lesion (4). In our group midline shift ≥ 16 mm resulted in a significantly worse outcome. We observed GOS 1 in both patients with completely obliterated perimesencephalic cisterns but we were not able to statistically prove this finding as a negative predictor. Still, obliteration of these cisterns is reported to be a strong negative prognostic factor (15, 10) and different results in our study are again possibly due to a limited number of patients involved. Presence of skull fracture is not considered to predict negative outcome and despite of fact that it could give us limited information about the force of impact during patients' injury it did not result in a worse outcome in our group of patients as well. SAH was not proven to be a negative prognostic factor in our group. The extent of SAH as a negative prognostic factor is reported in scientific literature (13) . Bleeding into ventricular system resulted in mortality of 80 % and avg. GOS 1.4 and it was a significant risk factor in our study. Meta-analysis by Husson et al. from 2010 does not consider this to be a negative prognostic factor (7), however the study from 2013 reported an opposite finding (10) .
Observation that a considerable number of patients who underwent DC for traumatic brain injury survives with severe disability urges us to indicate DC only to patients who should be able to benefit from it. Optimal indicating criteria for DC could be specified with the use of negative prognostic factors. Signs suggesting unfavourable outcome in our group are described above and further research including larger number of patients can be expected to provide a more accurate knowledge.
CONCLUSION
Decompressive craniectomy is an effective procedure in the management of patients with traumatic brain injury. In our study a good outcome (GOS 4-5) was achieved by 29.17 % of the patients and we observed mortality of 29.17 % as well. Also there is a substantial number of patients who survive with severe disability (41.67 % for GOS 3). Our findings suggest that factors predicting unfavourable outcome include:
• preoperative GCS ≤ 5
• midline shift ≥ 15 mm • obliteration of perimesencephalic cisterns • volume of intracranial bleeding, especially its extracerebral part. Personalisation of indicating criteria for DC in patients after severe brain injury could define the patients who can have the real benefit from this surgery.
